Isolated rat atrial and papillary muscles were kept in a Locke's solution aerated with 100% oxygen at 30°C, of which refractory period was measured by using Govier's double stimulus method. Changes of the refractory period were examined when the temperature of the medium was changed from 30°C to 25 or 40°C and oxygen concentraton in the aeration gas from 100% to 60, 40, 20 or 10% by replacing the oxygen by nitrogen. In the case in which the medium was aerated with 100% oxygen gas, the refractory period of the atrial and papillary muscles was lengthened when the temperature was lowered from 30 to 25°C, and was shortened when it was raised from 30 to 40°C. Each refractory period generally shortened with reducing the oxygen concentration in aeration gas : it was most marked when the atrial muscle was kept at 25, 30 or 40°C and when the papillary muscle was kept at 40°C ; and not so marked when the papillary muscle was kept at 25 or 30°C. By the presence of trimetazidine [0. 0001 and O. 001% (w/v) , i. e. , O. 003 and O. 03 mIV11 in the medium, the shortening of the refractory period induced by the reduction of oxygen concentration was prevented in atrial muscle kept at 25, 30 or 40°C and in papillary muscle kept at 40°C ; although the shortening of the refractory period was not so marked in papillary muscle kept at 25 or 30°C, the drug caused it longer than value obtained in the muscle aerated by 100% oxygen gas. The results suggest a new possible application of trimetazidine to the clinical field, as no serious side effect of the drug has been reported in spite of its wide clinical use as an anti-anginal drug in this country.
Introduction
Since Schmitt') introduced trimetazidine as an anti-anginal drug, Fujita2) and the authors 3.6) have reported various pharmacological actions . As the drug's actions are so unique, that we have been unable to find a drug with pharmacological actions similar to those of trimetazidine. That is, the drug prevents the suppression of spontaneous contractions in isolated guinea-pig atria caused by the effect of a potassium-free Locke's solution, by a toxic dose of strophanthin-G or by a low temperature medium. The drug also prevents the changes of spontaneous contractions induced by electrical stimulation or by nicotine. Although an exact mechanism of the drug hasn't been clarified yet, the mode of action is tentatively presumed to be due to some kind of "membrane stabilizing effect" with regards to cardiac muscle.
Pharmacologically, "membrane stabilizing effect" means an effect of a drug which shows very little influence on the normal function of a tissue but gives an influence on the abnormal function caused by physiological or chemical disturbance such as unusual low temperature or a low potassium medium. The drug, which has a marked effect of this kind, is few. The authors had already reported that trimetazidine increases the refractory period of cardiac muscle though in animal experiments, but the drug effect was so weak that it required very much dose such as more than 0. 01% (w/v) . Thereafter, we have searched for actions of the drug which can be observed at lower concentrations, and, in the present study, found that trimetazidine has a remarkable effect to lengthen the refractory period of isolated rat cardiac muscle when the preparation was kept in a condition of oxygen insufficiency. As the effect was shown in a concentration of O. 0001 or 0. 001% (w/v) , we introduce the newly found effect of trimetazidine which suggests a possible application of the drug to the clinical field.
Matreials and Methods
Male adult rats weighing 350 to 450g were killed by severing the common carotid artery.
Immediately thereafter, the heart was excised and a left atrium and two papillary muscles were isolated and suspended in an organ bath containing Locke's solution saturated with pureoxygen, at 30°C and pH 7. 3 to 7. 5. The constituents (mM) of the Locke's solution used were NaC1 154, KC1 .5. 6, CaC12 1. 6, NaHCO3 8. 3 and glucose 5. 5, in distilled water. Contractions of the tested muscle were elicited by electrical stimulation with an electronic stimulator (Nihonkohden SEN-3201, Tokyo) . The stimuli were twice the threshold intensity, with a pulse duration of 5 msec (for atrial muscle) or 10 msec (for papillary muscle) and a frequency of 4 Hz. The stimulation was given to the preparation through a pair of electrodes (0. 5mm of diameter and 5. 0mm of length) , which were placed as closed as possible to the preparation.
The contraction of preparation was recorded by use of strain gauges and pen-writing oscillographs (Sanei-Sokki U1-2 and AS-13" Tokyo).
Stimulation1 was begun immediately after the preparation was set in an organ bath, and the refractory period was determined 120 min after the beginning of stimulation. The contraction usually reached equilibrium within 30 min. To determine the refractory period of the preparation, the double stimulus method of Goviern was used additional, test stimuli with characteristics identical to those of the driving stimulation were given at intervals of 10 to 250 msec after each driving stimulus. When the interval between the driving and test stimuli was shorter than the refractory period of the preparation, no contractile response to the test stimulus was observed. The interval was gradually increased, until contractil responses to the test stimuli began to appear. This interval was regarded as the control value of mechanical refractory period of the preparation being tested in a medium aerated with 100% oxygen at 30°C. Since the changes in the length of the refractory period of atrial and papillary muscles induced by low and high temperatures and by oxygen insufficiency in the aeration gas, as well as the influence of trimetazidine on these changes, were examined, the experiment was very complicated. More than 360 animals were used. For example, in the case in which the refractory period of atrial muscle was examined for a preparation kept at 25°C and aerated with 20% oxygen gas (containing 80% nitrogen) , firstly, the temperature was lowered from 30 to 25°C
at 60 min after the beginning of the stimulation ; secondly at 90 min, the aeration gas (100% oxygen gas) was changed for 20% oxygen gas ; then 30 min later, at 120 min after the beginning of the stimulation, the determination of the refractory period was carried out. When the influence of trimetazidine on the refractory period was examined, the drug was added to the medium 30 min before the change of temperature, that is, 30 min after the beginning of the stimulation. In other words, after the beginning of the stimulation in the preparation, the addition of the drug, the changing of the temperature, the changing of the aeration gas and the determination of the refractory period of muscle were performed in succession at 30 min intervals. When the experimental conditions were not changed at 30, 60 and 90 min after the beginning of the stimulation, the value of the refractory period of the muscle was regarded as the control value. Every value of the refractory period, obtained when the experimental conditions were changed, was expressed as percentage of the control value. lowered from 30 to 25°C and shortened when the temperature was raised from 30 to 40°C (Fig. 2) .
When the atrial and papillary muscles were examined in a medium at 25, 30 or 40°C and the oxygen concentration in the aeration gas was reduced from 100% to 60, 40, 20 or 10%©, each refractory pariod generally shortened with reducing the oxygen concentration : the shortening was most marked when the atrial muscle was kept at 25, 30 or 40°C and when the papillary muscle was kept at 40°C ; and not so marked when the papillary muscle was kept at 25 or 30°C (Fig. 2) .
3. The influence of trimetazidine on the shortening of the refractory period of atrial and papillary muscles induced by oxygen insufficiency in aeration gas
In the presence of trimetazidine [0. 00001 to 0. 001% (w/v) ] in the medium aerated with 100% oxygen gas at 25, 30 or 40°C, the refractory period of atrial and papillary muscles, was almost the same as that in the absence of the drug. In the atrial muscle kept at 25, 30 or 40°C and in the papillary muscle kept at 40°C, the refractory period shortened with reducing the oxygen concentration in the aeration gas, and the shortening was prevented by the presence of the trimetazidine. In the papillary muscle kept at 25 or 30°C, the shortening of the refractory period brought about by the oxygen insufficiency was not so marked, but the shortening of the refractory period was not only prevented by the trimetazidine but also lengthened to a longer degree than the refractory period obtained in the medium aerated with 100% oxygen gas at the same temperature (Fig. 2) . 23. 8 and 225. 5 ± 20. 5. In the medium kept at 30°C, when 20% oxygen gas was used, the values were 94. 3±6. 9, 95. 5 ±7. 1, 119. 0±10. 7 and 129. 6±12. 4 ; when 10% oxygen gas was used, these were 91. 9 ± 4. 6, 99. 3 ± 7. 2, 125. 7 ± 10. 7 and 138. 0± 12. 3. In the medium kept at 40°C, when 20% oxygen gas was used, these were 27. 1 ± 1. 2, 30. 1 ± 5. 1, 51. 6 ± 6. 7 and 53. 9 ± 8. 1; when 10% oxygen gas was used, contractile responses to electrical stimulation didn't occur. oxygen gas at 30°C.
Discussion
Usually, an experiment using an isolated rat cardiac muscle is performed in a medium aerated with 95 to 100% oxygen gas at 30°C, as in the conditions the preparation shows a function in vitro which well suggests a normal or nearly normal function of the muscle in vivo, though the body temperature of the animal in vivo is about 37°C. An effect of a drug on the cardiac muscle, also, is examined in these conditions of medium.
In our previous papers 8-9) it was reported that trimetazidine lengthened the refractory period, but a much dose of the drug such as 0. 01% (w/v) or more was required to lengthen it. The dose was too much to presume a clinical application. In the present study, also, trimetazidine [0. 0001 or 0. 001% (w/v) ] scarcely influenced the refractory period of the muscle in the medium aerated with 100% oxygen gas at 30°C (Fig. 2) .
However, trimetazidine showed a characteristic effect on isolated rat cardiac muscle which was aerated with insufficient oxygen gas. When the concentration of oxygen in the aeration gas was reduced from 100% to 60, 40, 20 or 10%, the refractory period of the muscles generally shortened, and the shortening was prevented by the presence of trimetazidine in the medium : the prevention was marked when atrial muacle was kept at 25, 30 or 40°C
and papillary muscle was kept at 40°C (Fig. 2) . When papillary muscle was kept at 25 or 30°C, the trimetazidine not only prevented the shortening of refractory period but also even lengthened it longer than the refractory period determined in the condition without oxygen insufficiency.
In our experimentthat hasn't be published yet, when the trimetazidine was replaced by ajmaline, lidocaine, quinidine or procainamide, each drug didn't give any influence on the refractory Period of the muscle aerated with insufficient oxygen gas at 25, 30 or 40°C even in the highest concentration that each drug scarcely influenced in the refractory period of the muscle aerated with 100% oxygen gas at 30°C. Then, the effect of trimetazidine is regarded to be characteristic, as it is not remarkable on the cardiac muscle aerated with sufficient oxygen gas but remarkable on the muscle aerated with insufficient oxygen gas.
The effect of trimetazidine is presumed to be due to one of "membrane stabilizing effects"
of the drug, which shows very little influence on normal function of a tissue but gives an influence on variations in function caused by physiological or chemical disturbance. The other membrane stabilizing effects of the drug were already reported in our previous papers3-6) , the prevention of suppression in spontaneous contractions of isolated guinea-pig atria caused by the effect of a potassium-free Locke's solution, a toxic dose of strophanthin-6 or a low temperature medium. However, the drug concentration to shows these effects was a much dose such as 0. 01% (w/v) or more. As the concentration of trimetazidine to lengthen the refractory period of cardiac muscle aerated with insufficient oxygen gas was 0. 0001 or O. 001% (w/v) , the drug effect is most sensitive of its various membrane stabilizing effects.
In this country, trimetazidine has been used as an anti-anginal drug since Schmitt introduced it in 1964, and no serious side effect of the drug has been reported from anywhere in spite of its wide clinical use during more than ten years. The experimental results obtained in this study suggest a new possible application of trimetazidine to the clinical field.
